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(54) DEVIATION COMPENSATOR 

(57) A variation compensating unit that compen- 
sates an amplitude variation and phase variation effi- 
ciently and that improves system reliability and commu- 
nication quality. First combining means (11-1) generates 
a first combined signal (r(t)) by combining signal (Xn(t)) 
on different transmission paths in which a variation has 
not occurred. Second combining means (11^2) gener- 
ates a second combined signal (Y(t)) by combining sig- 
nal (Zn(t)) on the different transmission paths in which 



a variation has occurred. Compensation value calculat- 
ing means (12) calculates compensation values (Wn(t)) 
for compensating variation according to the transmis- 
sion paths on the basis of the first combined signal (r 
(t)) t the second combined signal (Y(t)), and signal Un(t) 
on each transmission path in which a variation has not 
occurred or in which a variation has occurred. Compen- 
sating means (13) compensates variation dynamically 
on the basis of the compensation values (Wn(t)). 
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Description 



Technical Field 



5 [0001] This invention relates to a variation compensating unit and, more particularly, to a variation compensating 
unit for compensating variation including at least one of an amplitude variation and phase variation which will occur in 
the case of transmitting signals via transmission paths. 

Background Art 



[0002] In recent years attention has been riveted on cellular mobile communication systems in which digital signal 
processing is performed on signals to be transmitted or received by locating a plurality of antenna elements, such as 
multiple beam antennas or adaptive array antennas, at a radio base station. 

[0003] Fig. 18 is a schematic view showing the structure of a system using an adaptive array antenna. Fig. 18 shows 

15 the structure of a receiving section. In this example, four antennas 101a through 101d are located on transmission 
paths respectively. On the first transmission path, a low-noise amplifier (LNA) 102a. frequency converters 103 and 
105, an amplifier 104a, an A/D converter 106a, a multiplier 107a, and a combining section 108 are located. On the 
second transmission path, a low-noise amplifier (LNA) 102b, the frequency converters 103 and 105, an amplifier 104b. 
an A/D converter 106b, a multiplier 107b. and the combining section 108 are located. On the third transmission path. 

20 a low-noise amplifier (LNA) 102c. the frequency converters 103 and 105, an amplifier 104c, an A/D converter 106c, a 
multiplier 107c, and the combining section 108 are located. On the fourth transmission path, a low-noise amplifier 
(LNA) 102d, the frequency converters 103 and 105. an amplifier 104d, an A/D converter 106d, a multiplier 107d, and 
the combining section 108 are located. The frequency converters 103 and 105 include a local oscillator (LO) and mixers. 
[0004] Signals are received by the antenna 101a and are transmitted to the LNA 102a. Signals output from the LNA 

25 102a, the amplitude of which is far higher than that of the original signals, are converted from RF signals into. IF signals 
by the frequency converter 103. These IF signals are amplified by the amplifier 104a, are converted into base band 
signals by the frequency converter 105, are converted into digital signals by the A/D converter 106a, and are given 
weight W by the multiplier 107a. This is the same with the antennas 101b through 101d. The weighted signals are 
combined by the combining section 108. Received (or transmitted) signals are expressed as functions of complex 

so variables with amplitude as a and phase as 9. 

[0005] Fig. 19 is a view showing a beam pattern obtained by an array antenna. As shown in Fig. 18, it is assumed 
that radio signals which arrive from direction q> to the antennas 101a through 101d are received. There arise path 
differences among the antennas 101a through 101d. These path differences are expressed as A1 through A3, respec- 
tively, with the antenna 101a as a standard. These path differences will lead to phase differences. The radio signals 

35 are weighted by the multipliers 107a through 107d so that these phase differences will be canceled out, and then are 
combined by the combining section 108. Signals output from the combining section 108 are equivalent to signals 
received as beam pattern B1 shown in Fig. 19. 

[0006] Beam pattern B1 obtained by receiving with an adaptive array antenna and beam pattern B2 obtained by 
receiving with one antenna will now be compared. It is assumed that desired user signals arrive from direction <p, that 

40 interference user signals arrive from direction r\, that the levels of the desired and interference user signals received 
as the beam pattern B1 are P1 and P2 respectively, and that the levels of the desired and interference user signals 
received as the beam pattern B2 are P3 and P4 respectively. With the beam pattern B2. the difference in level (La) 
between P3 and P4 is small, but, with the beam pattern B1 , the difference in level (Lb) between P1 and P2 is significant. 
Therefore, the beam pattern B1 gives greater S/l than the beam pattern B2. 

45 [0007] That is to say, with cellular mobile communication systems in which multiple beam antennas, adaptive array 
antennas, or the like are used, a beam pattern equivalentiy becomes sharp. As a result, interference in areas can be 
reduced. In addition, higher gain is obtained, so the number of users who can be accommodated in one cell can be 
increased. 

[0008] In order to realize beam forming by the above system, nonlinear elements, such as the LNAs 102a through 
so I02d and mixers, are needed on the receiving side for converting RF signals received by the antennas 101a through 
101d into base band signals, as shown in Fig. 18. 

[0009] Moreover, on the transmitting side (a transmitting section is not shown), nonlinear elements, such as mixers 
for converting base band signals into IF signals, then into RF signals and a high power amplifier (HPA) for RF signals, 
are needed on each antenna branch. 
55 [0010] However, these nonlinear elements included in each circuit differ in characteristic. Their characteristics also 
change according to environmental conditions, such as temperature, and input levels and suffer aged deterioration. 
As a result, amplitude and phase variations differ among different antenna branches, so efficient beam forming cannot 
be performed. This will lead to degradation in characteristic. 
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[0011] Compensating these amplitude and phase variations therefore is essential for the introduction of a multiple 
beam antenna or adaptive array antenna. 

[0012] Conventionally, calibration between antenna branches has usually been performed on regular basis (once a 
day, for example). 

5 [0013] Alternatively, there, is the prior art of compensating amplitude and phase variations on each antenna branch 
by sending a pilot signal. Fig. 20 is a view for describing the prior art. 

[0014] Circuits 1 1 0a through 1 1 0d each including various nonlinear elements (LNAs, mixers, and the like) are located 
on four transmission paths respectively. The antennas 101a through 1 01d are also located on these transmission paths 
respectively. 

w [0015] As shown in Fig. 20. pilot signal a exp(je) is sent to the antennas 101a through 101d from a direction so that 
phase differences will not arise. It is assumed that signals which are processed in and output from the circuits 110a 
through 110d are a1 exp(j91) through a4 exp(j04). 

[0016] The value of the ratio of signal a1exp(j01 ) output from the branch on which the antenna 101a is located and 
signal a2 exp(jG2) output from the branch on which the antenna 101b is located is (a1/a2)exp(j(91-e2)]. By multiplying 
*5 this value and the original signal a2exp(j82). which is output from the branch on which the antenna 101b is located, 
together, a1exp(j81) is obtained. That is to say, the amplitude and phase variation between the branch on which the 
antenna 101a is located and the branch on which the antenna 101b is located are compensated. This value therefore 
should be used as a compensation value for the branch on which the antenna 101b is located. This is the same with 
the other branches. 

20 [0017] Conventionally, such a compensation value has been calculated for each antenna branch by the use of a pilot 
signal to compensate an amplitude variation and phase variation. 

[0018] However, with the above conventional method in which calibration between antenna branches is performed 
on regular basis, beamforming will be performed on the basis of uncertain compensation conditions because of dynamic 
amplitude and phase variations. As a result, the reliability of a system is low. 
25 [0019] On the other hand, with the above conventional method in which a pilot signal is used, a dedicated unit for 
generating a pilot signal must be located in all of the cells or sectors, resulting in a heavy economic burden. 
[0020] Further, this pilot signal will become an interference source. In that case, a circuit for performing the above 
operation needs to be located in order to process a pilot signal, being an interference source. This will make a system 
inefficient. 

30 

Disclosure of the Invention 

[0021] The present invention was made under the background circumstances as described above. An object of the 
present invention is to provide a variation compensating unit for improving system reliability and communication quality 

35 by compensating amplitude and phase variation efficiently. 

[0022] In order to solve the above problems, a variation compensating unit 10, shown in Fig. 1, for compensating 
variation including at least one of an amplitude variation and phase variation which will occur in the case of transmitting 
signal Xn(t) via transmission paths, according to the present invention, comprising first combining means 11-1 for 
generating first combined signal r(t) by combining signal Xn(t) on different transmission paths in which a variation has 

40 not occurred, second combining means 11-2 for generating second combined signal Y(t) by combining signal Zn(t) on 
the different transmission paths in which a variation has occurred, compensation value calculating means 12 for cal- 
culating compensation value Wn(t) for compensating variation according to the transmission paths on the basis of the 
first combined signal r(t), the second combined signal Y(t), and signal Un(t) on each transmission path in which a 
variation has not occurred or in which a variation has occurred, and compensating means 1 3 for compensating variation 

45 dynamically on the basis of the compensation value Wn(t) is provided. 

[0023] The first combining means 11-1 generates first combined signal r(t) by combining signal Xn(t) on different 
transmission paths in which a variation has not occurred. The second combining means 11-2 generates second com- 
bined signal Y(t) by combining signal Zn(t) on the different transmission paths in which a variation has occurred. The 
compensation value calculating means 12 calculates compensation value Wn(t) for compensating variation according 

5o to the transmission paths on the basis of first combined signal r(t). second combined signal Y(t), and signal Un(t) on 
each transmission path in which a variation has not occurred or in which a variation has occurred. The compensating 
means 13 compensates variation dynamically on the basis of compensation value Wn(t). ± 
[0024] The above and other objects, features, and advantages of the present invention will become apparent from 
the following description when taken in conjunction with the accompanying drawings which illustrate preferred embod- 

55 iments of the present invention by way of example. 
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Brief Description of the Drawings 
[0025] 

5 Fig. 1 is a view for describing the principles underlying a variation compensating unit according to the present 

invention. 

Fig. 2 is a view showing a first embodiment of the present invention. 
Fig. 3 is a view showing a second embodiment of the present invention. 
Fig. 4 is a view showing a third embodiment of the present invention. 
10 Fig. 5 is a view showing a fourth embodiment of the present invention. 

Fig. 6 is a view showing a fifth embodiment of the present invention. 
Fig. 7 is a view showing the structure of first and second combining means. 

Fig. 8 is a view showing the structure of a first modification of the first and second combining means. 

Fig. 9 is a view showing the structure of a second modification of the first and second combining means. 
*5 Fig. 10 is a view showing the structure of a third modification of the first and second combining means. 

Fig. 11 is a view showing the structure of a fourth modification of the first and second combining means. 

Fig. 12 is a view showing a sixth embodiment of the present invention. 

Fig. 13 is a view showing a seventh embodiment of the present invention. 

Fig. 14 is a view showing the seventh embodiment of the present invention. 
20 Fig. 15 is a view showing an eighth embodiment of the present invention. 

Fig. 16 is a view showing a ninth embodiment of the present invention. 

Fig. 17 is a view showing the ninth embodiment of the present invention. 

Fig. 18 is a schematic view showing the structure of a system using an adaptive array antenna. 
Fig. 19 is a view showing a beam pattern obtained by an array antenna. 
?5 Fig. 20 is a view for describing the prior art. 

Best Mode of Carrying out the Invention 

[0026] Embodiments of the present invention will now be described with reference to the drawings. Fig. 1 is a view 
30 for describing the principles underlying a variation compensating unit according to the present invention. A variation 
compensating unit 10 compensates variation including an amplitude variation and phase variation, which will occur on 
a plurality of transmission paths (branches) in the case of transmitting a plurality of signals in parallel via the transmission 
paths, according to the transmission paths. 

[0027] Branch means 14a causes a signal on each transmission path in which a variation has not occurred to branch 
35 and outputs signal Xn(t) (where n and t indicate a branch number and time respectively) to first combining means 11-1. 
The first combining means 11-1 combines signal Xn(t) to generate first combined signal r(t). 

[0028] Branch means 14c causes a signal on each transmission path in which a variation has occurred to branch 
and outputs signal Zn(t) to second combining means 11-2. The second combining means 11-2 combines signal Zn(t) 
to generate second combined signal Y(t). The first and second combining means 11-1 and 11-2 use the same combining 
*o method. 

[0029] Branch means 14b causes a signal on each transmission path to branch and outputs signal Un(t). Compen- 
sation value calculating means 1 2 calculates compensation value Wn(t) for compensating variation according to trans- 
mission paths on the basis of first combined signal r(t), second combined signal Y(t), and signal Un(t) in which a 
variation has not occurred or in which a variation has occurred. 
45 [0030] Compensating means 13 dynamically compensates a variation corresponding to each transmission path on 
the basis of compensation value Wn(t) for each transmission path. At least one of areas R1 through R3 shown in Fig. 
1 is an area where a variation will occur. In the present invention, a variation which occurs in any of these areas can 
be compensated. 

[0031] Operation will now be described. The branch means 14a causes a signal on each transmission path to branch 
50 and inputs signal Xn(t) to the first combining means 1 1 -1 . At this time, a variation has not occurred on each transmission 
path. The first combining means 11-1 combines signal Xn(t) by the use of weight Vn to generate signal r(t). The signal 
r(t) is given by 



r<t>-jT Xn(t) -Vn — (1) 
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where N is the number of branches and n is a branch number. The branch means 14c causes a signal on each 
transmission path to branch and inputs signal Zn(t) to the second combining means 11-2. This signal Zn(t) is the signal 
which is affected by variations of one of areas R1 through R3 shown in Fig. 1 and compensated by calibration weight 
for each transmission. 

[0032] The second combining means 11-2 combines the signal 2n(t) by the use of weight Vn. which is the same with 
the first combining means 11-1 ,to generate signal Y(t). The signal Y(t) is given by 

N 



[0033] The branch means 14b causes a signal on each transmission path to branch and inputs signal Un(t), in which 
a variation has not occurred or in which a variation has occurred, to the compensation value calculating means 12. 
is [0034] The compensation value calculating means 12 sequentially performs operations shown by equations (3) and 
(4) by the use of the above input signals r(t), Y(t), and Un(t), calculates a compensation weight corresponding to a 
variation which occurs on each transmission path, and outputs it to the compensating means 13. 



Wn(t+At)=Wn(t)+uU*n(t) e(t) (3) 

e(t)= r(t)-Y(t) (4) 

25 [0035] Where u is a step size, At is a compensation interval, and A* is the conjugate complex number of A. 

[0036] The compensating means 13 makes compensation shown by equation (5) by the use of the compensation 
value Wn(t) calculated by the compensation value calculating means 12. 



xn(t)= Wn(t) Pn(t) (5) 



where xn(t) is a signal transmitted via the nth path on which a variation has been compensatedv,and Pn(t) is a 
signal on each transmission path input to the compensating means 13. Whether a variation has occurred in this Pn(t) 
depends on the location of the compensating means 13 in a system. \ 
35 [0037] As described above, the variation compensating unit 1 0 according to the present invention updates compen- 
sation weight in compliance with algorithm which minimizes error e(t) between the first combined signal r(t) in which 
a variation has not occurred and the second combined signal Y(t) in which a variation has occurred. That is to say. in 
the present invention, the minimum mean square error (MMSE) method, such as the least mean square (LMS), can 
be used as algorithm. 

40 [0038] Usually there is individual difference, including errors at the time of manufacture, among nonlinear elements, 
such as circuits for frequency conversion, amplification, etc.. located on transmission paths. In addition, these nonlinear 
elements undergo aged deterioration and their characteristics change according to, for example, temperature. As a 
result, variations differ among different transmission paths. However, in the present invention, these dynamic variations 
can be compensated efficiently in real time. 

45 [0039] Now. an embodiment in which the variation compensating unit 1 0 according to the present invention is applied 
to an array antenna system will be described. 

[0040] Fig. 2 is a view showing a first embodiment of the present invention. A downlink (transmitting-system) array 
antenna system with a built-in variation compensating unit 10 is shown. The same means that was described above 
will be marked with the same number and descriptions of it will be omitted. 

so [0041] User signal generating means 2-1 through 2-n generate user signals on each branch. Multiplexing means 3-1 
through 3-n generate multiplexed signals by multiplexing user signals on each branch. Transmitting means 4-1 through 
4-n perform the processes of D/A conversion, frequency conversion, amplification, etc. on multiplexed signals. Signals 
processed by the transmitting means 4-1 through 4-n are transmitted from antennas 1-1 through 1-n respectively. 
[0042] In this case, nonlinear elements are used in the transmitting means 4-1 through 4-n, so variations differ among 

55 different antenna branches. These variations occur dynamically according to the level of input signals and with time, 
so they need to be compensated in real time. 

[0043] Variation has not occurred in multiplexed signals on the branches before they enter the transmitting means 
4-1 through 4-n. In addition, these multiplexed signals are digital ones before they enter the transmitting means 4-1 
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through 4-n. The branch means 14a causes a signal on each antenna branch to branch. First combining means 11-1 
generates a signal by combining signals on all of the antenna branches by, for example, a method for combining signals 
with the same phase and equal amplitude. This combined signal is reference signal r(t) (equation (1)) without an am- 
plitude variation and phase variation. 
5 [0044] On the other hand, signals which branched from antenna branches at directional couplers 1 4c- 1 through 14c- 
n are combined by the second combining means 11-2 to generate combined signal Y(t) (equation (2)). In this case, 
the same method that the first combining means 11-1 used will be used. 

[0045] Combined signal Y(t) is generated by combining all of the signals on the antenna branches in which a variation 
has occurred. If a variation does not occur in signals in the transmitting means 4-1 through 4-n. there is a strong 
10 correlation between Y(t) and combined signal r(t). That is to say, the value of a correlation coefficient is 1. 

[0046] In this case, the transmitting means 4-1 through 4-n perform frequency conversion. Therefore, frequency 
converting means 5a converts combined signal Y(t) into digital base band signals in order to compare combined signal 
Y(t) and combined signal r(t). 

[0047] Compensation value calculating means 12 includes subtraction operating means 1 2a and compensation value 
is operating means 12b. The subtraction operating means 12a calculates the difference between combined signal r(t) 
and digital base band signals obtained by converting combined signal Y(t) and outputs it as error signal e(t) (equation 

(4) )- 

[0048] The compensation value operating means 12b sequentially calculates compensation value Wn(t) for a vari- 
ation on each antenna branch by the use of error signal e(t) and signal Un(t), which branched off from a signal on each 
20 antenna branch at branch means 14b, in accordance with equation (3). 

[0049] Compensating means 13 including multipliers 13-1 through 13-n makes compensation shown by equation 

(5) by the use of compensation value Wn(t) to compensate amplitude and phase variation. 

[0050] Now. a second embodiment will be described. Fig. 3 is a view showing a second embodiment of the present 
invention. A downlink (transmitting-system) array antenna system with a built-in variation compensating unit 10 is 
25 shown. The same means that was described above will be marked with the same number and descriptions of it will be 
omitted. 

[0051] The second embodiment differs from the first embodiment shown in Fig: 2 in that compensating means 13 is 
located at the output stages of transmitting means 4-1 through 4-n. That is to say, compensation will be made after 
variation has occurred. 

30 [0052] In this case, the compensating means 1 3 performs a process on RF signals and compensation value operating 
means 12b performs the process of calculating compensation values on digital base band signals. Frequency convert- 
ing means 6-1 through 6-n is therefore located at the output stage of the compensation value operating means 12b to 
convert compensation value Wn(t) into RF signals. 

[0053] Now, a third embodiment will be described. Fig. 4 is a view showing a third embodiment of the present inven- 
35 tion. An uplink (receiving- system) array antenna system with a built-in variation compensating unit 10 is shown. The 

same means that was described above will be marked with the same number and descriptions of it will be omitted. 

[0054] Antennas 1-1 through 1~n receive signals. Receiving means 7-1 through 7-n converts the signals into digital 

base band ones by performing the processes of amplification, frequency conversion, A/D conversion, etc. and inputs 

them to a demodulating circuit (not shown). 
40 [0055] In this case, nonlinear elements are used in the receiving means 7-1 through 7-n, so variations differ among 

different antenna branches. These variations occur dynamically according to the level of input signals and with time, 

so they need to be compensated in real time. 

[0056] Directional couplers 14a-1 through 14a-n cause signals received by the antennas 1-1 through 1-n to branch. 
The first combining means 11-1 generates a signal by combining signals on all of the antenna branches by, for example, 
45 a method for combining signals with the same phase and equal amplitude. This combined signal is reference signal r 
(t) (equation (1)) without an amplitude variation and phase variation. 

[0057] On the other hand, signals on antenna branches branch to second combining means 11-2 at branch means 

14c. The second combining means 11-2 combines signals by the same method that is used by the first combining 

means 11-1 to generate combined signal Y(t) (equation (2)). 
so [0058] Signals at the input stages of the receiving means 7-1 through 7-n are RF signals. Therefore, these RF signals 

are converted into digital base band ones by locating frequency converting means 5b at the output stage of the first 

combining means 11-1 in order to compare reference signal r(t) and combined signal Y(t) output from the second 

combining means 11-2. A series of processes from calculating compensation values to compensation were described 

above, so descriptions of them will be omitted. 
55 [0059] Now, a fourth embodiment will be described. Fig. 5 is a view showing a fourth embodiment of the present 

invention. An uplink (receiving-system) array antenna system with a built-in variation compensating unit 10 is shown. 

The same means that was described above will be marked with the same number and descriptions of it will be omitted. 

[0060] In the fourth embodiment, first combining means 11-1 informs weight setting means 8a and 8b and second 
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combining means 11-2 about weight the first combining means 11-1 used for combining. 

[0061] The weight setting means 8a outputs weight about which the first combining means 11-1 informed the weight 
setting means 8a to multiplying means 9a-1 through 9a-n. The weight setting means 8b outputs the reciprocal of weight 
about which the first combining means 11-1 informed the weight setting means 8b to multiplying means (corresponding 

5 to inverse operation means) 9b-1 through 9b-n. 

[0062] Each of the multiplying means 9a-1 through 9a-n is located on a branch and multiplies weight output from the 
weight setting means 8a and a signal on the branch together. Each of the multiplying means 9b-1 through 9b-n is 
located on a branch and performs an inverse operation by multiplying the reciprocal of weight output from the weight 
setting means 8b and a signal on the branch together. 

10 [0063] The second combining means 11-2 generates a combined signal on the basis of weight about which the first 
combining means 11-1 informed the second combining means 11-2. The first and second combining means 11-1 and 
11-2 will use the same combining method. 

[0064] As described above, to compensate variation, the first combining means 11-1 informs the weight setting means 
8a and 8b and second combining means 11-2 about a combining method (combination weight) the first combining 
*5 means 11-1 used. This makes it possible to deal with any combining method flexibly. 

[0065] The same effect will be obtained by locating the weight setting means 8a and multiplying means 9a-1 through 
9a-n at the input stages of receiving means 7-1 through 7-n. In this case, a multiplication process will be performed 
on RF signals. 

[0066] Now, a fifth embodiment will be described. Fig. 6 is a view showing a fifth embodiment of the present invention. 
20 (n the fifth embodiment, the fourth embodiment shown in Fig, 5 is applied to a transmitting-system array antenna 
system. Its basic structure and operation are the same with the fourth embodiment, so descriptions of them will be 
omitted. 

[0067] Now, the first and second combining means 11-1 and 11-2 will be described. Fig. 7 is a view showing the 
structure of the first and second combining means 11-1 and 11-2. 
25 [0068] Weight calculating means 11a-1 calculates a weight to be given to weight multiplying means 11b-1 so that 
combined output will be higher than or equal to a certain level. The weight multiplying means 11b-1 multiplies a weight 
given by the weight calculating means 11a-1 and signal Xn(t) together. Adding means 11c-1 adds signals calculated 
by the weight multiplying means 11b-1 and outputs the result to subtraction operating means 12a in compensation 
value calculating means 12. 

30 [0069] Weight receiving means 11a-2 receives a weight from the weight calculating means 11 a-1 . Weight multiplying 
means 11b-2 multiplies a weight given by the weight receiving means 11a-2 and signal 2n(t) together. Adding means 
11c~2 adds signals calculated by the weight multiplying means 11b-2 and outputs the result to the subtraction operating 
means 12a in the compensation value calculating means 12. 

[0070] Procedures for updating weight will now be described. Signals X1(t) through XN(t) corresponding to each 
35 antenna branch which enter the first combining means 11-1 are defined as follows: 



X1(t) = A1(t)exp[ja l (t)] 



(6-1) 



X2(t)= A2(t) • expDa 2 (t)] 



(6-2) 



45 



XIM(t)= AN (t) exp[ja N (t)] 



(6-n) 



50 



where A1(t) through AN(t) are amplitude on transmission paths respectively. 6:1 (t) through ctN(t) are phases on 
the transmission paths respectively, and N is the number of branches. 

[0071] Now. calculations are performed with X1(t) as a reference in accordance with the equation: 



Yln(t)= Xn(t) -X*l (t) 



55 



= AN (t) ;Al(t) •exp[j(a N (t)-a 1 (t))] 



•(7) 
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where n indicates the nth branch. A phase term corresponding to the nth branch is extracted as follows: 

4> n (t)=arg(Y1n(t)) = a n (t) -ot^t) (8) 

[00721 T he weight calculating means 11a-1 calculates the amount of a phase corresponding to each transmission 
path, shown by equation (9), by the use of equation (8) and outputs it. 

P n (t)=exp[-j<I> n (t)] (9) 

[0073] This phase rotation is given to each branch and signals on transmission paths are combined by the adding 
means 11c-1 in accordance with the equation: 

/V 

G<fc) = £ Xn(t) p n (t) "(10) 
n=l 

20 [0074] This information regarding combination weight is sent to the weight receiving means 11a-2. The weight re- 
ceiving means 11a-2 gives the same combination weight to the weight multiplying means 11b-2 The weight multiplying 
means 11 b-2 multiplies this combination weight and a signal on each branch, in which a variation has occurred, together. 
Signals output from the weight multiplying means 11 b-2 are combined by the adding means 11c-2. This information is 
also sent to weight setting means 8a and 8b and the same or inverse operation will be performed. 

25 [0075] Now, a first modification of the first and second combining means 11-1 and 11-2 will be described. Fig. 8 is a 
view showing the structure of a first modification of the first and second combining means 11-1 and 11-2. In the first 
modification, it is assumed that the arrival angle of an arbitrary user signal is known. 

[0076] Then beam forming mainly for a downlink can be realized easily. Usually beam forming for a downlink is 
performed in the following way. An arrival angle is estimated from a user signal on a uplink. Weight for beam forming 
30 for a downlink is determined so that the beam will be sent in that direction. This direction for a downlink is known to a 
base station. 

[0077] Weight calculating means 11a-1 calculates weight shown by equation (11) from information regarding an 
arrival angle and gives the weight to weight multiplying means 11b-1. 

35 

W(t)= [1 , exp(-jkdsin0(t). exp(-jk2dsir>6(t), 

exp(-jk(N-1)dsin8(t)] (11) 

40 where K is 2nl\ (k is a free space wavelength for a downlink), d is an interval between antennas, 6(t) is the arrival 

angle of an arbitrary user signal, and N is the number of antennas. 

[0078] This information regarding combination weight is sent to weight receiving means 11 a-2. The weight receiving 
means 11a-2 gives the same combination weight to weight multiplying means 11b-2. The weight multiplying means 
11b-2 multiplies this combination weight and a signal on each branch, in which a variation has occurred, together. 
45 Signals output from the weight multiplying means 11 b-2 are combined by adding means 11c-2. This information is also 
sent to weight setting means 8a and 8b and the same or inverse operation will be performed. 

[0079] This will keep the level of combined output from first and second combining means 11-1 and 11-2 high and 
subtraction operating means 12a calculates an error signal by the use of these signals. Therefore, compared with a 
system in which a fixed combining method is used, amplitude and phase variation can be compensated more reliably. 

50 [0080] Now. a second modification of the first and second combining means 11-1 and 11-2 will be described. Fig. 9 
is a view showing the structure of a second modification of the first and second combining means 11-1 and 11-2. 
Combination processing means 111-1 through 111-n combines signal Xn(t) by different methods. 
[0081] Combination processing means 112-1 through 112-n corresponds to the combination processing blocks of 
the combination processing means 111-1 through 111-n respectively and combines signal Zn(t). 

55 [0082] A selector 111a selects, for example, a signal the level of which is the highest from among combined signals 
output from the combination processing means 111-1 through 111-n and outputs it to subtraction operating means 12a. 
Moreover, the selector 111a informs a selector 112a and weight setting means 8a and 8b of this information. 
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[0083] The selector 112a selects a combination processing block corresponding to (being the same as) combination 
processing means selected from among the combination processing means 111-1 through 111-n from among the com- 
bination processing means 112-1 through 112-n on the basis of information given and outputs a combined signal output 
from it to the subtraction operating means 12a. 
5 [0084] As a result, any combined output can be selected from among a plurality of combining processes, resulting 
in a more flexible combining process. 

[0085] Now, a third modification of the first and second combining means 11-1 and 11-2 will be described. Fig. 10 is 
a view showing the structure of a third modification of the first and second combining means 1 1-1 and 1 1 -2. Combination 
processing means 111 and 112 are combined circuits which a plurality of signals are input to and output from, and fast 

10 Fourier transform (FFT). Butler matrix, or the like will be applied. 

[0086] A selector 111a selects, for example, a signal the level of which is the highest from among a plurality of 
combined signals output from the combination processing means 111 and outputs it to subtraction operating means 
12a. Moreover, the selector 111a informs a selector 112a and weight setting means 8a and 8b of this information. 
[0087] The selector 112a selects a combined signal corresponding to the combination processing means 111 from 

is among a plurality of combined signals output from the combination processing means 112 on the basis of information 
given and outputs it to the subtraction operating means 12a. 

[0088] As a result, any combined output can be selected from among a plurality of combining processes, resulting 
in a more flexible combining process. 

[0089] Now. a fourth modification of the first and second combining means 11-1 and 11-2 will be described. Fig. 11 
20 is a view showing the structure of a fourth modification of the first and second combining means 11-1 and 11-2. In the 

fourth modification, the structure of first combining means 11-1 is based on the third modification shown in Fig. 10 and 

the structure of second combining means 11-2 is based on the first modification shown in Fig. 8. 

[0090] By using this way circuits can be simplified. Figs. 9 and 10 can also apply and the same effect will be obtained. 

[0091] Now, a sixth embodiment of the variation compensating unit 10 will be described. Fig. 12 is a view showing 
25 a sixth embodiment of the present invention. An uplink (receiving-system) array antenna system with a built-in variation 

compensating unit 10 is shown. The same means that was described above will be marked with the same number and 

descriptions of it will be omitted. 

[0092] The sixth embodiment differs from the fourth embodiment shown in Fig. 5 in that multiplying means 9b-1 
through 9b-n are located behind branch means 14c. As a result, second combining means 11-2 does not have to use 

30 the same combining method as first combining means 11-1 . In this case, only a simple circuit for combining signals 
with the same phase and equal amplitude is needed. Moreover, it is not necessary for the first combining means 11-1 
to give information to the second combining means 11-2. / 
[0093] The same effect will be obtained if weight setting means 8a and multiplying means 9a-1 through 9a-n locate 
at the input stages of receiving means 7-1 through 7-n. In that case, a multiplication process will be performed on RF 

35 signals. 

[0094] Now, a seventh embodiment of the variation compensating unit 10 will be described. Figs. 13 and 14 are 
views showing a seventh embodiment of the present invention. An uplink (receiving-system) array antenna system 
with a built-in variation compensating unit 10 is shown. The same means that was described above will be marked 
with the same number and descriptions of it will be omitted. 

40 [0095] Directional couplers 14a-1 through 14a-n are located in front of receiving means 7-1 through 7-n respectively. 
Compensation values for variations which had occurred in signals are calculated through first combining means 11-1 
and compensation value calculating means 12 and weights to be given to compensating means 13 are updated se- 
quentially. . 
[0096] Furthermore, delay means 15-1 through 15-n are located behind branch means 14b. On each branch, being 

45 a main line, a signal passes through delay means 15-1 through 15-n. Multiplying means 9b-1 through 9b-n multiplies 
this signal and the same weight that was given to the compensating means 13 together to compensate an amplitude 
variation and phase variation. 

[0097] Processing signals by the use of this branching method and using a simple circuit for combining signals with 
the same phase and equal amplitude as second combining means 1 1 -2 will make weight setting means 8b unnecessary. 

so : in this case, it is impossible to locate the directional couplers 14a- 1 through 14a-n at the output stages of the receiving 
means 7-1 through 7-n respectively. - 
[0098] Now. an eighth embodiment of the variation compensating unit 1 0 will be described. Fig. 15 is a view showing 
an eighth embodiment of the present invention. In the eighth embodiment, the sixth embodiment shown in Fig. 12 is 
applied to a transmitting-system array antenna system. Its basic structure and operation are the same with the sixth 

55 embodiment, so descriptions of them will be omitted. 

[0099] Now, a ninth embodiment of the variation compensating unit 10 will be described. Figs. 16 and 17 are views 
showing a ninth embodiment of the present invention. An uplink (receiving-system) array antenna system with a built- 
in variation compensating unit 10 is shown. The same means that was described above will be marked with the same 



9 



EP 1 227 542 A1 



number and descriptions of it will be omitted. 

[0100] Signals in which a variation has not occurred branch off from branches at directional couplers 14a-1 through 
14a-n. These signals are input to first combining means 11-1. for example, shown in Fig. 9 or 10 which has a plurality 
of combining methods. A plurality of compensating control sections 20-1 through 20-n have the same function and are 
located so that they correspond to output from a selector in the first combining means 111-1 . Signals which branch at 
branch means 14b are also input to the compensating control sections 20-1 through 20-n. 

[0101] Signals output from compensation value calculating means 12 in the compensating control sections 20-1 
through 20-n are input to compensation value control means 30. Ultimately, the compensation value control means 30 
calculates one value for variation compensation corresponding to each branch by performing the process of. for ex- 
ample, averaging these compensation values sent from the compensating control sections 20-1 through 20-n and 
outputs these averages to multiplying means 9b-1 through 9b-n. 

[0102] Signals on main lines input to the multiplying means 9b-1 through 9b-n are delayed by delay means 15-1 
through 1 5-n so that these delays correspond to delays caused by the processing of the compensating control sections 
20-1 through 20-n and compensation value control means 30. 

[0103] As a result, compared with compensating by the use of one compensation value, reliability is improved. That 
is to say. variation can be compensated more accurately. 

[0104] As described above, the variation compensating unit 10 according to the present invention calculates a com- 
pensation value by processing sequentially with a combined signal on each transmission path, in which a variation has 
not occurred, as a reference signal and compensates an amplitude variation and phase variation. 
[0105] As a result, dedicated pilot signals and a unit for generating them are unnecessary and dynamic variations 
can be dealt with in real time. Furthermore, the reliability of adaptive processing by the use of signals in which a variation 
has been compensated is high and efficient beam forming can be performed both for an uplink and for a downlink. 
[0106] The variation compensating unit 10 according to the present invention therefore contributes greatly toward 
realizing a radio base station for a cellular mobile communication system in which a multiple beam antenna or adaptive 
array antenna is used in the digital area. 

[0107] As has been described in the foregoing, the variation compensating unit according to the present invention 
calculates a compensation value for compensating variation on the basis of a first combined signal generated by com- 
bining signals on different transmission paths in which a variation has not occurred, a second combined signal gener- 
ated by combining signals on the different transmission paths in which a variation has occurred, and a signal on each 
transmission path in which a variation has not occurred or in which a variation has occurred, and compensates variation 
on the basis of this compensation value. As a result, an amplitude variation and phase variation can be compensated 
efficiently and system reliability and communication quality can be improved. 

[0108] The foregoing is considered as illustrative only of the principles of the present invention. Further, since nu- 
merous modifications and changes will readily occur to those skilled in the art, it is not desired to limit the invention to 
the exact construction and applications shown and described, and accordingly, all suitable modifications and equiva- 
lents may be regarded as falling within the scope of the invention in the appended claims and their equivalents. 

Claims 

1. A variation compensating unit for compensating variation including at least one of an amplitude variation and phase 
variation which will occur in the case of transmitting signals via transmission paths, the unit comprising: 

first combining means for generating a first combined signal by combining signals on different transmission 
paths in which the variation has not occurred; 

second combining means for generating a second combined signal by combining signals on the different 
transmission paths in which the variation has occurred; 

compensation value calculating means for calculating compensation values for compensating the variation 
according to the transmission paths on the basis of the first combined signal, the second combined signal, 
and the signals on the different transmission paths in which the variation has not occurred or in which the 
variation has occurred; and 

compensating means for compensating the variation dynamically on the basis of the compensation values. 

2. The variation compensating unit according to claim 1 , wherein the first combining means and the second combining 
means perform the process of combining signals with equal amplitude and the same phase. 

3. The variation compensating unit according to claim 1. wherein the second combining means performs a combi- 
nation process by the use of the same combination weights that are used by the first combining means. 
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4. The variation compensating unit according to claim 1 , wherein the compensating means compensates the variation 
by performing an operation process on signals on each of the transmission paths in which the variation has not 
occurred by the use of the compensation values. 

5. The variation compensating unit according to claim 1 . wherein the compensating means compensates the variation 
by performing an operation process on signals on each of the transmission paths in which the variation has occurred 
by the use of the compensation values. 

6. The variation compensating unit according to claim 1 , further comprising on each of the transmission paths: 

multiplying means for giving any amplitude and phase rotation to the signal by multiplying the signal and a 
weight together; and 

inverse operation means for performing an operation being the inverse of a multiplicative operation performed 
by the multiplying means. 

7. The variation compensating unit according to claim 1, wherein the first combining means updates combination 
weights so that output obtained by combining signals on the different transmission paths in which the variation has 
not occurred will be higher than or equal to a certain level. 

20 8. The variation compensating unit according to claim 7, wherein the multiplying means multiplies the signal and a 
combination weight being higher than or equal to a certain level together. 

9. The variation compensating unit according to claim 7, wherein the second combining means combines signals on 
the different transmission paths in which the variation has occurred by the use of combination weights being higher 

25 than or equal to a certain level. 

10. The variation compensating unit according to claim 1. wherein the first combining means includes a plurality of 
combining circuits with different combining methods and selects one of output from the plurality of combining 
circuits. 

30 

11. The variation compensating unit according to claim 10, wherein the multiplying means multiplies the signal and a 
weight used by the selected combining circuit together. 

12. The variation compensating unit according to claim. 10. wherein the second combining means includes a plurality 
35 of combining circuits with different combining methods and selects a combining circuit that performs the same 

process as a combining circuit selected by the first combining means performs. 

13. The variation compensating unit according to claim 1, wherein the first combining means includes a combined 
circuit that a plurality of signals are input to and output from and selects one output signal. 

40 

14. The variation compensating unit according to claim 13, wherein the multiplying means multiplies the signal and a 
weight corresponding to selected output together. 

15. The variation compensating unit according to claim 13. wherein the second combining means includes a combined 
45 circuit that a plurality of signals are input to and output from and selects the same output as the first combining 

means selects. 

16. The variation compensating unit according to claim 1, further comprising a plurality of compensating control sec- 
tions each including the compensation value calculating means and the compensating means for compensating 

50 the variation by the use of a plurality of compensation values. 

17. The variation compensating unit according to claim 1 , wherein the compensation value calculating means updates 
weight by sequential processing. 

55 18. The variation compensating unit according to claim 1 , further comprising frequency converting means for making 
frequency bands for signals used for operations to calculate the compensation values the same. 
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